Introduction
============

Several factors may exert considerable effects upon sexual health. It should be noted that sexual health is characterized not only by the absence of any disease or dysfunction, but also by physical, mental, and social well-being related to sexuality \[[@b1]\]. Sleep deprivation (SD) is one major factor that may influence an individual\'s sex life [@b2]--[@b4]. SD is capable of negatively affecting health, compromising several parameters, such as sexual satisfaction \[[@b4]\]. SD can impair the secretory patterns of different steroid hormones. In fact, studies have shown that SD affects concentrations of testosterone, estradiol, progesterone, adrenocorticotropic hormone (ACTH), and cortisol [@b5]--[@b7]. Thus, the change of the hormonal profile induced by sleep disturbance could trigger a distinct response in sexual behavior.

It is widely recognized that caregivers of patients with chronic diseases suffer from SD \[[@b8],[@b9]\] and a high demand is placed particularly on the caregiving mothers of sons with chronic diseases such as Duchenne muscular dystrophy (DMD). DMD is a recessive neuromuscular disease linked to the X chromosome. A mutation in the dystrophin gene produces a progressive and irreversible loss of the muscle contractile function. Patients demonstrate severe locomotion, respiration, and cardiovascular impairment \[[@b10]\]. These individuals become dependent on continuous care, which is generally provided by their mothers. Caregiving mothers dedicate a large part of their time caring for their sons, especially during the night as they suffer from movement impairment and need constant changes of position during sleep as well as possible adjustments of their ventilatory support. This leads to chronic SD for these caregiving mothers for an indefinite period of time. This SD may lead to several negative repercussions to their health, including in the reproductive system \[[@b11]\].

Female sexual satisfaction is complex and it is related to several factors, such as biological, emotional, psychosocial, and relationship factors. Caregiving mothers of sons with DMD (MCD group) undergo intense life modifications, following the progression of their sons\' illness. Our hypothesis is that caregiving mothers of children with DMD would have a poorer quality of sleep than the study control group (CTRL), and this would lead to changes in hormone levels related to emotions and sexuality, resulting in an impairment in their sexual function. Therefore, the objective of the present study was to test this hypothesis by evaluating the sexual behavior of these caregiving mothers of sons with DMD, while also assessing their quality of sleep and its impact on their hormone levels and sexual life.

Materials and Methods
=====================

The present study refers to an observational, cross-sectional study, which was approved by the Ethical Council of Research of the Federal University of São Paulo (CEP \#034176/2013) and registered on ClinicalTrials.gov (Identification NCT01921374). The research protocol was explained to the volunteers and their questions answered prior to the signing of the informed consent form by all participants.

Subjects
--------

The sample of caregiving mothers of sons with DMD was recruited in the Center of Treatment of Neuromuscular Diseases, São Paulo, Brazil. These mothers attend the Center regarding the medical and physiotherapeutic care of their children. The CTRL group was constituted by mothers of healthy sons with no neuromuscular or chronic disease. In addition, to avoid interference of conflicting factors in the analysis, this group was selected in a paired fashion with the MCD group, in order to match age and body mass index.

Data Collection
---------------

Menstrual status was classified as pre- or postmenopausal. Postmenopausal status was based on the volunteers\' responses regarding the date of last menstruation and was associated with the hormonal levels (follicle-stimulating hormone \[FSH\], luteinizing hormone \[LH\], progesterone, and estradiol) established through blood tests. Menopause was defined by amenorrhea for a period superior to 1 year, concomitantly with FSH and LH levels higher than 30 mIU/mL \[[@b12]\]. The classification of the premenopausal period was determined by means of the identification of the follicular phase, luteal phase, or amenorrhea state, in parallel with the verification of the FSH and LH levels below 30 mIU/mL. The follicular phase was correspondent to the first 12 days of the menstrual cycle; the luteal phase to the second half of the cycle; and the ovulatory phase to the 15th day of the cycle and the anovulatory phase of amenorrheic women with FSH and LH levels below 30 mIU/mL. Additionally, the volunteers were questioned about the use of any drugs (e.g., antidepressants and contraceptive oral drugs) and about previous illnesses, including depression.

Evaluation of Sexuality and Sleep
---------------------------------

The Female Sexual Function Index (FSFI) questionnaire was used to evaluate sexual function. The FSFI evaluates women\'s sexual activity with her partner in the last 4 weeks. This instrument has been validated for the Portuguese language \[[@b13]\] and is composed of 19 questions, subdivided into 6 domains: desire (items 1 and 2), arousal (items 3--6), lubrication (items 7--10), orgasm (items 11--13), satisfaction (items 14--16), and pain (items 17--19). Each question has a Likert scale that varies from 0 to 5, which is added and multiplied according to each domain. At the end, the sum of all scores obtained in each domain results in a global score. For this questionnaire, the total score values ≤26.55 are correlated with probable risk for sexual dysfunction \[[@b14]\].

For sleep evaluation, we used the Pittsburgh questionnaire (PSQI), which is an instrument composed of 19 questions, subdivided into 7 domains with the purpose of evaluating the subjective quality of sleep, as well as the sleep disturbances occurring during a period of 1 month \[[@b15],[@b16]\]. By means of this questionnaire\'s total score, it is possible to differentiate "good sleepers" (score ≤ 5) and "poor sleepers" (score \> 5).

Hormonal Evaluation
-------------------

The morning (around 7 [am]{.smallcaps}) following completion of the questionnaires, blood was collected for hormone analysis. A blood sample was obtained from the antecubital vein using vacutainer tubes. The samples were centrifuged immediately at 4°C. Serum and plasma aliquots were pipetted and processed for analysis. For all hormone analyses, chemiluminescence was used. Progesterone, LH, FSH, estradiol, and total testosterone levels were measured by using the acridinium ester chemiluminescence method (Advia Centaur, Siemens Healthcare Diagnostics, Deerfield, IL, USA). Cortisol and ACTH were also measured via the adamantyl dioxetane phosphate ester chemiluminescence method (Immulite 2000, Siemens Healthcare Diagnostics).

Statistical Analysis
--------------------

For all statistical analyses, the SPSS® version 17.0.0 (SPSS, Inc., Chicago, IL, USA) was utilized. The variables were evaluated regarding the normality (Shapiro--Wilk test) and homogeneity (Levene test). When the distribution was demonstrated to be nonparametric, the data were standardized through Z-score. For sleep, sexual function, and hormones, we used the analysis of covariance test adjusted for menopause and contraceptive oral drugs. For clinical data, the *t*-test was used for comparison. For analysis of frequency, chi-square test was applied. The relationship between testosterone levels and sleep, sexual, and hormonal parameters were evaluated through Pearson correlation test.

The data are presented as mean ± standard error. Statistical significance was set to *P* ≤ 0.05.

Results
=======

The main demographic characteristics of both groups are described in Table [1](#tbl1){ref-type="table"}, showing that there were no statistical differences between the groups in relation to frequency of contraceptive drugs, as well as the frequency of women in menopause. In total, 20 MCD participated in the study; only one reported having no sexual intercourse, with 19 remaining for the statistical analysis of sexual evaluation. The CTRL group comprised 20 women with children without any neuromuscular or chronic diseases. In this group, only two informed having no sexual intercourse during the last 4 weeks, with 18 CTRL mothers remaining for statistical analysis. The results showed that the MCD group demonstrated impairment in the orgasm and total FSFI scores, suggesting compromised sexual function. As far as sleep was concerned, this group demonstrated impairment in sleep latency, subjective quality of sleep, sleep efficiency, and diurnal dysfunction, resulting in the compromising of the PSQI global score and indicating worse quality of sleep.

###### 

Clinical data showing age, body mass index, frequency of contraceptive use, and frequency of menopause between the groups

                          CTRL (n = 18)   MCD (n = 19)   *P*
  ----------------------- --------------- -------------- -----
  Age (years)             43.9 ± 1.2      43.4 ± 1.2     NS
  BMI (kg/m^2^)           26.1 ± 1.1      27.6 ± 1.1     NS
  Contraceptive use (%)   25              25             NS
  Menopause (%)           25              30             NS

Analysis by *t*-test and chi-square test

BMI = body mass index; CTRL = control mothers; MCD = mothers of sons with Duchenne muscular dystrophy; NS = not significant

The majority of women in our study were married, with an average of age of 43. From the caregiving mothers, 70% were in premenopausal phase and 30% in postmenopausal phase. The CTRL group comprised 75% premenopausal and 25% postmenopausal women (Table [1](#tbl1){ref-type="table"}).

Concerning the sexuality aspects (Table [2](#tbl2){ref-type="table"}), it was observed that DMD caregiving mothers demonstrated higher sexual dysfunction (24.8 ± 1.44 vs. 29.11 ± 1.48, *P* \< 0.05) and orgasm impairment (4.0 ± 0.33 vs. 4.99 ± 0.34, *P* ≤ 0.05), when compared with the CTRL group.

###### 

Adjusted mean ± standard error of sexual function components evaluated by Female Sexual Function Index (FSQI) questionnaire between the groups

                          CTRL (n = 18)   MCD (n = 19)                                   *P*
  ----------------------- --------------- ---------------------------------------------- --------
  Desire                  3.87 ± 0.25     3.44 ± 0.25                                    NS
  Arousal                 4.49 ± 0.33     3.73 ± 0.32                                    NS
  Lubrication             5.07 ± 0.35     4.18 ± 0.34                                    NS
  Orgasm                  4.99 ± 0.34     4.0 ± 0.33[\*](#tf2-1){ref-type="table-fn"}    0.05
  Satisfaction            5.27 ± 0.30     4.54 ± 0.29                                    NS
  Pain                    5.41 ± 0.25     4.89 ± 0.24                                    NS
  Sexual function index   29.11 ± 1.48    24.8 ± 1.44[\*](#tf2-1){ref-type="table-fn"}   \<0.05

*P* significant compared with the respective CTRL group

Analysis by [ancova]{.smallcaps} adjusted for menopause and contraceptive, with menopause and contraceptive as covariates

[ancova]{.smallcaps} = analysis of covariance; CTRL = control mothers; MCD = mothers of sons with Duchenne muscular dystrophy; NS = not significant

In relation to sleep (Table [3](#tbl3){ref-type="table"}), it was also verified that the DMD\'s caregiving mothers present greater impairment of sleep quality, with alterations in terms of sleep latency (1.54 ± 0.21 vs. 0.76 ± 0.21, *P* \< 0.05), sleep efficiency (0.95 ± 0.22 vs. 0.11 ± 0.23, *P* \< 0.05), daytime dysfunction (0.58 ± 0.15 vs. 0.06 ± 0.15, *P* \< 0.05), and subjective quality of sleep (1.47 ± 0.26 vs. 0.23 ± 0.27, *P* \< 0.01). Indeed, Figure [1](#fig01){ref-type="fig"} illustrates that there was a higher frequency of poorly sleeping women in the DMD caregiving mothers group as compared with the CTRL group (χ^2^ = 15.0, degrees of freedom \[df\] = 1, *P* \< 0.001, n = 37). However, we did not observe a significant association between the sexual function and the quality of sleep (χ^2^ = 1.4, df = 1, *P* \> 0.05, n = 37), association demonstrating that the reduction in the quality of sleep of the caregiving mother\'s group was independent of those observed alterations in sexual function and vice versa.

![Frequency of poor sleeper and good sleeper in CTRL and MCD groups. Chi-square test (χ^2^ = 15.0, df = 1, *P* \< 0.001, n = 37). \**P* \< 0.001 compared with the respective CTRL group. CTRL = mothers in the control group; MCD = mothers of sons with DMD.](sm20002-0133-f1){#fig01}

###### 

Adjusted mean ± standard error of sleep quality components evaluated by Pittsburgh questionnaire (PSQI) between the groups

                               CTRL (n = 18)   MCD (n = 19)                                   *P*
  ---------------------------- --------------- ---------------------------------------------- ---------
  Subjective sleep quality     0.23 ± 0.27     1.47 ± 0.26[\*](#tf3-1){ref-type="table-fn"}   \<0.01
  Sleep latency                0.76 ± 0.21     1.54 ± 0.21[\*](#tf3-1){ref-type="table-fn"}   ≤0.05
  Sleep duration               0.67 ± 0.18     1.15 ± 0.18                                    NS
  Habitual sleep efficiency    0.11 ± 0.23     0.95 ± 0.22[\*](#tf3-1){ref-type="table-fn"}   ≤0.05
  Sleep disturbances           1.33 ± 0.13     1.53 ± 0.13                                    NS
  Use of sleeping medication   0.01 ± 0.15     0.37 ± 0.15                                    NS
  Daytime dysfunctional        0.06 ± 0.15     0.58 ± 0.15[\*](#tf3-1){ref-type="table-fn"}   ≤0.05
  PSQI global score            3.15 ± 0.70     7.59 ± 0.68[\*](#tf3-1){ref-type="table-fn"}   \<0.001

*P* significant compared with the respective CTRL group

Analysis by [ancova]{.smallcaps} adjusted for menopause and contraceptive, with menopause and contraceptive as covariates

[ancova]{.smallcaps} = analysis of covariance; CTRL = control mothers; MCD = mothers of sons with Duchenne muscular dystrophy; NS = not significant

On the other hand, when the hormonal profiles were analyzed, there were marked differences only in the cortisol levels, with a significant increase in the MCD group in comparison with the CTRL group (15.4 ± 0.9 vs. 12.7 ± 0.97, *P* ≤ 0.05; Table [4](#tbl4){ref-type="table"}). Results of the Pearson correlation tests examining total testosterone levels, sleep, and sexual and hormonal parameters are shown in Table [5](#tbl5){ref-type="table"}. A significant negative correlation was found between testosterone levels and sleep latency (*r* = −0.46, *P* \< 0.01, N = 40), PSQI global score (*r* = −0.44, *P* \< 0.01, N = 40), and ACTH (*r* = −0.58, *P* \< 0.001, N = 40).

###### 

Adjusted mean ± standard error mean of hormonal levels of testosterone, cortisol, and ACTH between the groups

                 CTRL (n = 18)   MCD (n = 19)                                  *P*
  -------------- --------------- --------------------------------------------- -------
  Testosterone   28.5 ± 2.8      23.6 ± 2.7                                    NS
  ACTH           34.4 ± 8.1      39.3 ± 7.9                                    NS
  Cortisol       12.7 ± 0.97     15.4 ± 0.9[\*](#tf4-1){ref-type="table-fn"}   ≤0.05

*P* significant compared with the respective CTRL group

Analysis by [ancova]{.smallcaps} adjusted for menopause and contraceptive, with menopause and contraceptive as covariates

[ancova]{.smallcaps} = analysis of covariance; ACTH = adrenocorticotropic hormone; CTRL = control mothers; MCD = mothers of sons with Duchenne muscular dystrophy; NS = not significant

###### 

Pearson\'s coefficient correlation between total testosterone levels and variables of sleep, sexuality, and hormones

                              *r*     *P*       n
  --------------------------- ------- --------- ----
  Sleep latency               −0.46   \<0.01    40
  Diurnal dysfunction         −0.16   NS        40
  Sleep medication            0.03    NS        40
  Subjective sleep quality    −0.28   NS        40
  Sleep duration              −0.04   NS        40
  Habitual sleep efficiency   −0.29   NS        40
  Sleep disturbances          −0.31   NS        40
  PSQI global score           −0.44   \<0.01    40
  Desire                      −0.20   NS        37
  Arousal                     −0.08   NS        37
  Lubrification               −0.18   NS        37
  Orgasm                      −0.08   NS        37
  Satisfaction                −0.08   NS        37
  Pain                        0.08    NS        37
  Sexual function Index       −0.09   NS        37
  ACTH                        −0.58   \<0.001   40
  Cortisol                    −0.16   NS        40

ACTH = adrenocorticotropic hormone; PSQI = Pittsburgh questionnaire; NS = not significant

Discussion
==========

In this study, caregiving mothers of sons with DMD demonstrated a higher level of impairment in terms of sexuality and quality of sleep when compared with the CTRL group. In particular, in agreement with the FSFI results, these mothers presented higher risk for sexual dysfunction (total FSFI ≤26.55) and orgasm difficulties. Moreover, it was observed that the quality of sleep of these women was affected, as they displayed alterations in their sleep latency and efficiency and were classified as poor sleepers more frequently. Increased cortisol levels were observed in the caregiving mothers and might be related to the sexual dysfunction and the worsening of the quality of sleep of those women, beyond worse sleep due to intense caring responsibilities.

Chronic diseases are not only obviously very stressful for the patient but also for their caregivers. Studies conducted with caregivers of children with chronic diseases have shown a clear association between high levels of stress and the worsening of the quality of sleep \[[@b17]\]. There are several studies with Alzheimer\'s \[[@b18]\], schizophrenia \[[@b19]\], and cancer patients\' caregivers \[[@b20]\] that demonstrated the potential harm to health, such as stress level [@b21]--[@b23]. Event stressors can activate the hypothalamic--pituitary--adrenal (HPA) axis, resulting in an increase of cortisol from the adrenal glands. Increased cortisol secretion can compromise the quality of sleep. Moreover, dysfunction of the HPA axis could also be the result of sleep disturbances, such as insomnia. Thus, these two factors might be related to the sleep and sexuality impairment observed in the MCD group, as those women are usually under a considerable stress, not only physically but also emotionally, in addition to the sleep impairment. This is a circular association that one factor reinforces the next one. In support of this point, it should be noted that we found elevated cortisol levels in the MCD group compared with the CTRL group. Another aspect relevant in relation to sleep in caregivers is the use of noninvasive ventilatory support. Previous studies have suggested that caregivers of children who used ventilatory support had compromised sleep in more than 60% of the cases. These caregivers complained of having their sleep disrupted by having to turn on the equipment or to turn off the alarm and having to wake up to verify their son\'s state throughout the entire night \[[@b24]\]. In this study, all women in the MCD group had sons at similar stages of illness; that is, at the stage where their respiratory tract had already been compromised and were using ventilatory support. Indeed, the worsening of their quality of sleep was demonstrated by decreased sleep latency and efficiency and daytime dysfunction captured in the present study.

Sleep impairment can affect the health, including the immune system \[[@b25]\] and sexual function \[[@b11]\]. In a previous translational study, Andersen et al. \[[@b11]\] demonstrated that rats that displayed loss of sleep showed reduction in their receptive behavior in relation to their sexual activity. In humans, a recent study showed that women who slept from 6 to 9 hours had a significantly more active sexual life and satisfaction compared with women who slept 6 hours or less \[[@b26]\]. Altogether, these data demonstrate the association between sleep and sexuality. Thus, the evaluation and quality of both aspects is very relevant. However, the present study did not find a relationship between sleep and sexual impairment. It is worth emphasizing that a relationship between SD and impairment of sexuality in caregivers is rare in the literature. It is known that SD might trigger the activation of the HPA axis and, in consequence, increase the secretion of cortisol \[[@b27]\], compromising the quality of sleep and sexual function. It should be pointed out that the MCD group had a high cortisol level when compared with the CTRL group. Thus, this observation of reduced sleep quality and impairment sexual function may be the result of other factors, such as stress. In the literature, there is a study demonstrating the negative effect of physical and psychosocial stress upon women\'s sexuality \[[@b28]\]. It should be pointed out that both acute and chronic stress are capable of inducing female sexual disturbances \[[@b29]\]. Chronic stress in particular can directly compromise female excitation and orgasm \[[@b30]\]. This observation corroborates our findings that caregiving mothers of sons with DMD presented high levels of cortisol that may result from chronic stress as well as self-reported orgasm and sexual dysfunction disorders.

Caregiver mothers are usually under a lot of stress, not only physically but also emotionally. As female sexuality involves markedly emotional aspects \[[@b31]\], it is susceptible to psychological and emotional problems. However, it should be noted that female sexual dysfunction (FSD) is considered a complex condition with multifactorial causes, associated with biological, cultural, psychological, social, and interpersonal factors \[[@b32]\]. Overall, FSD is classified in four categories: hypoactive sexual desire disorder, sexual arousal disorder, orgasmic disorder, and the sexual pain disorder \[[@b33]\]. FSD occurs in women both in premenopausal and postmenopausal stages. A woman\'s reproductive stage might influence some of the FSD\'s aspects, such as lubrication difficulties and the resulting pain \[[@b34]\]. However, when evaluating orgasm complaints, this problem is noted in both reproductive phases of women, encompassing approximately 20% of all women in general. The possible explanations for this finding of orgasm complaints in caregiver mothers are related with their function to care of a sick child. For example, Beck and Lopes \[[@b35]\] demonstrated sexual relation disturbances in 80% of caregivers of children with cancer. This observation was related to the lack of time and willingness to perform sexual intercourse. Alternatively, some authors have reported that caregivers declared feeling guilty for feeling pleasure or thinking about sex while their child was sick.

In addition, SD can induce or facilitate the appearance of mood disturbances \[[@b36]\], and this factor may influence the sexuality of these caregivers. Indeed, caregivers\' sleep disturbances are the main result of emotional problems \[[@b37],[@b38]\] and include higher latency and sleep fragmentation and reduction of the total time of sleep \[[@b39]\]. Pawl et al. \[[@b39]\] demonstrated that caregivers of children with cancer slept an average of 6 hours, thereby compromising their quality of sleep. In addition, several studies have shown that caregivers of children with epilepsy and diabetes demonstrated sleep disturbances, as well as frequent SD \[[@b8]\]. These observations corroborate the present findings of worse sleep latency and quality of sleep in the MCD group.

In the MCD group, sleep was possibly compromised for exactly the same reason (sleep disturbances for nocturnal care due to the use of noninvasive ventilatory support); once, most of the mothers in this group reported the same complaints. However, we could not confirm this information because the evaluation of sleep has a subjective nature, constituting therefore a real study limitation. It is important to note that this condition may persist for years, compromising not only the sleep but also the health and well-being of these caregiving mothers. Thus, it is fundamental that these caregiving mothers be oriented and followed up by a multidisciplinary team to lead them to a better health condition and maintain the necessary strength to enable them to continuously take good care of their sons, who are totally dependent on them. There are only a few studies with DMD caregivers \[[@b40],[@b41]\] and none examine their sexual function. This study contributes to this field as it provides more significant data in relation to sexuality and quality of sleep of caregiving mothers of sons with DMD.

There are some limitations to this study that need to be addressed. One includes the small simple size. A second is the lack of assessment from the sexual partner and absence of objective assessment. This limitation also applies to the evaluation of psychological stress, such as depression, as the self-report measure is subjective. Depression, for instance, would need to be diagnosed with a clinical evaluation. Similarly, the sleep methods were also subjective (self-report questionnaires) and for this reason, an objective investigation of sleep (polysomnography) and a gynecological medical evaluation (to check and confirm the sexual dysfunction) would be necessary in future studies. However, despite the limitations of this study, we suggest that caregiving mothers of sons with DMD have impaired sleep quality and sexuality.

Conclusions and Future Directions
=================================

Taking care of a patient, more specifically, of a son with a chronic condition such as the DMD, may compromise the quality of sleep and sexual function of the caregiving mothers. As the number of informal caregivers and the impact upon them increases, the proper orientation and following up of these caregivers become indispensable in order to allow for better conditions of health and quality of life. Our findings may help to give guidance to caregiving mothers of children with chronic illness. However, additional research is still necessary to evaluate other factors that may influence sexuality and sleep, as these may have a multifactorial origin.
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